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o Finite element simulation was implemented in COMSOL 
o A one volt electric potential was applied to drive the 
cation transport 
o The space charge densities were converted to a 










o The multi-physics model was used to test various design 
parameters of the cylindrical and tube type IPMCs 
o Actuation is initiated by an electric potential across the 
IPMC 
o The electric potential causes the mobile cations to be 
drawn towards the potential source 












− 𝛻 ⋅ 𝐷 𝛻𝑐𝑐 + 𝑧𝜇𝐹𝑐𝑐 𝛻𝑉𝑝 = 0 




  where 𝜌𝑠 = 𝐹(𝑐𝑐 − 𝑐0)  
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o IPMC is a type of smart material called an electro active 
polymer 
o Consists of an ionic polymer such as Nafion or Flemion 
and a conducive metal such as platinum or gold 
Actuation Multi-Physics 
o A PI controller is implemented in Labview 
o The IPMC tip is asked to follow a circular trajectory 
Finite Element Model 
Electro - Mechanical 
o Model used to correlate the voltage inputs to the 















−𝑏𝑌𝑡 + 𝐶𝑌  
o Matlab Simulink simulations performed using the 
electro-mechanical to calculate stable control gains 
Results 
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o COMSOL multi-physics simulations accurately model the 
experimental displacement results 
o Optimization performed using the multi-physics model 
to find the maximum deflection, force, and twisting 
o Using the closed loop control system accurate IPMC tip 
location can be achieved  
o This control system has been extended to function using 
a computer mouse as an input 
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